To date, many saponins have been isolated and characterized from asparagus.1} These constituents mayhave a bitter taste,2) and those parts which have a large amountof saponins in the 'bottom cut' must be discarded during processing. In India and other countries, asparagus has long been utilized for medicinal purposes, and saponins are considered to be the active principles possessing such physiological activities. 3) Antifungal activities have been reported for several kinds ofsaponins. 4 " 6) We have thus attempted to determine the antifungal activity of the waste products from asparagus processing and to isolate and characterize the active antifungal principle.
Materials and Methods
Material. The crude saponin fraction was prepared from the bottom cut of white asparagus {Asparagus officinalis L. cv. Merry Washington 500W), which was obtained from factory waste. Preparation of the crude saponin fraction from asparagus. Dried bottom cut (3kg) was extracted twice with 60% ethanol (501) at room temperature for 24hr. The two extracts were combined, the solvent being removed under reduced pressure. The product was dispersed in 1- Measurement of antifungal activity. Antifungal activity was determined by using the paper disc method.7) The fungi used in this study are shown in Table I , and were preincubated for one or two weekson an agar culture broth [yeast extract (3 g ), malt extract (3 g), peptone (5 g) and glucose (10g) with agar (10g) in water (1 1)]. Mycelia were collected, suspended in an NaCl solution (0.9% with 0.05% Tween), and inoculated into new agar plates (5 x lO4 cells/ml).
Pieces of paper disc (Whatman AA discs, 6 mmdiameter) were soaked in an ethanol solution (lO mg/ml) ofa sample. These pieces corresponding to 25 jA ofa sample were placed on the surface of the agar culture broth. Apiece of control disc containing only ethanol was also placed on the same agar plate. The whole system was kept at 30°C and, after a week, the antifungal activity was measured.
Measurement of the minimuminhibitory concentration (MIC) of the crude saponin fraction and isolated saponin. Fungi were prepared as already mentioned for the paper disc method. Fungal spores were suspended (5 x 104cells/ ml) in tubes containing broth (5ml) without agar, the saponins being added at levels of 1-200/*g/ml. excitation, 320 nm and emission, 430 nm). The saponin (l mg) was methylated by a slight modification of Hakomori's method8) and then hydrolyzed. The hydrolyzate was reduced with NaBH4, and the liberated alditol acetates analyzed by GC-MS.
Spectroscopy. NMR spectra were recorded on a JEOL GSX-400 spectrometer (JH-NMR at 400 MHz, 13C-NMR at 100MHz). Mass spectra were obtained with a JEOL JMS HX-105. Optical rotation [a]D was measured with a Jasco J-20 spectrometer at 589nmwavelength, and IR spectra were recorded with a Jasco A-202 instrument.
Results and Discussion Antifungal activity of the crude saponin fraction obtained from asparagus The crude saponin fraction was obtained from the bottom cut of white asparagus, which had been discarded by the food factory due to its bitter taste. The antifungal activities of this fraction against several fungi were determined by the paper disc method, and are shown in Table I . This fraction had clear antifungal activity against certain fungi, namely Candida albicans, Cryptococcus albidus, Epidermophyton floccosum, Microsporum gypseum and Trichophyton spp. On the other hand, this Isolation of antifungal principle from the crude saponin fraction
The crude saponin fraction of asparagus was subjected to ODS column chromatography.
The main saponin-containing fraction, which was almost inactive, was eluted first, and thereafter, the active fraction was eluted with methanol-water (8:2). This fraction was subjected to reversed phase silica gel HPLC.
Twomain constituents (AS-1 and AS-2) were separated and eluted (Fig. 1) . The antifungal (Table II) of this showed the aglycone to be of an identical pattern to that of * These assignments may be interchangeable.
sarsasapogenin,10) thus confirming the assignment of sarsasapogenin. Proton assignments of the carbohydrate moieties were made bŷ -NMR and by^^H COSY and^C^H COSYtechniques (Table III) were estimated by Nuclear Overhauser Effect (NOE) experiments (Fig. 2) , which were carried at -25°C in rf4-methanol. Irradiation at <5H
4.72 Dom(the anomeric Droton of the terminal Fromall the foregoing studies, the structure of new saponin AS-1 was estimated to be 3-
5jS-spirostan-3/?-ol (Fig. 3) and can be considered as a newly isolated saponin.
Measurement of MIC
The minimuminhibitory concentrations of the crude saponin fraction and AS-1to several fungi are shown in Table IV AS-1 showed lower MICs for almost all fungi. The antifungal activity of saponins isolated from Dolichos kilimandscharicus has been 
